. Their mineral concentrations were : Ca 19.08-46.70, Cu 0.19-0.52, Fe 0.88-1.98,  K 180.5-659.1, Mg 26.83-69.57, Mn 0.70-2.42, Zn 1.51-6.95 mg/100 g sample. Rheological  properties were affected by processing steps. Dipping into sugar solutions did not affect rheological properties. Color changes were quantified, and average L*, a*, and b* values measured. 
INTRODUCTION
Turkey was the third largest producer of chestnuts (Castanea sativa Mill and its hybrids) in the world between 1991 and 2000. [1] Production was about 47,000 and 50,000 metric tons in 2001 and 2002, respectively. [2] Chestnuts are grown in the Aegean, Marmara, and Black Sea regions of Turkey. [3] Fresh chestnuts are chilled and consumed throughout winter, especially around the New Year. Prefered preparations are boiled or roasted chestnuts; the shell is then peeled and the nutmeat is eaten. Other preparations are candied chestnuts, marron glacés and chestnut purees.
Research has been performed to determine the compositional properties of raw chestnuts. McCarthy and Meredith [4] reported the nutrient data on American, European, and Chinese chestnuts consumed in the United States. Üstün et al. [5] determined selected physical and chemical properties of 55 different chestnut types grown in Sinop, Turkey. Ferreira-Cardoso et al. [6] determined the composition of 23 shelled chestnut kernel samples, corresponding 3 groups and each group was immersed into either distilled water (control), 0.2% citric acid (CA) (Fisher Scientific Co., Fair Lawn, NJ) or 0.1% sodium metabisulphite (MS) (Acros Organics, Geel, Belgium) solutions for 1 hour. The three groups were then placed into a retort and steamed at 103°C for 45 minutes. The retort temperature and the center temperature of the chestnuts during steaming were continuously monitored using type-T 36 gauge thermocouples (Ecklund, Fort Myers, FL). Each group was then subdivided into two sub-groups. Two different sugar solutions were prepared, one containing 65% sucrose (Walmart, Inc., Bentonville, AR) and 15% dextrose (Fisher Scientific Co., Fair Lawn, NJ), and the other containing 60% fructose (Fisher Scientific Co., Fair Lawn, NJ) and 20% dextrose. Each steamed chestnut sub-group was boiled separately in one of the sugar solutions for 30 min. Chestnuts were placed in Pyrex ® containers and sugar solutions were poured into them. The samples were covered with the solution and kept in the solution at room temperature for 48 hours. Experiments were duplicated.
Chemical and Physical Analyses
The moisture, fat, and ash contents of chestnut samples at each processing step were measured by AOAC methods, Ref [22] The percentages of nitrogen were transformed into protein content by multiplying by a conversion factor of 5.30, as reported by McCarty and Meredith. [4] The total carbohydrate content was determined by difference. The water activity (a w ) of the samples was measured using a Rotronic Hygroskop DT (Rotronic Instrument Corp., Huntington, NY). The protein, fat and ash contents were measured in duplicate, and the moisture content and a w were done in triplicate. The weight of the samples was measured at each processing step and the change was calculated. The refractive index of the sugar solution was measured using a Reichert Abbe Mark II digital refractometer (Warner-Lambert Tech. Inc., Buffalo, NY) and % soluble solid contents of the sugar solutions initially and at the end of dipping treatment were obtained.
ICP-AES Analysis
Each chestnut sample was placed in an aluminum dish, weighed and then dried to constant weight at 100°C using a Memert Model 400 oven (Memert GmbH & Co. KG, Schwabach, Germany). The samples were cooled in the desiccator and weighed as soon as they reached room temperature. Each sample was then ground using an acid washed ceramic mortar and pestle. After grinding, the samples were again dried to constant weight at 100°C and stored in a desiccator until dry ashing. Two to five g of each sample was weighed, placed in a porcelain crucible, and covered. The crucibles were put into an electric muffle furnace (Carbolite Furnaces, CSF 1100, Sheffield, England) and burned at 500°C until white ash was obtained. After cooling the crucibles to room temperature, the ash of each sample was dissolved in 5 ml concentrated HNO 3 (65% v/v). The digests were diluted to 50 ml with deionized H 2 O in polyethylene centrifuge tubes and were ready for analysis. The final acid content of the samples was ca. 10% HNO 3 .
The concentrations of minerals, Ca, Cu, Fe, K, Mg, Mn, and Zn, were determined by ICP-AES (Varian Liberty-Series II, axial configuration, Varian Australia Pty Ltd., Australia). The operating parameters of ICP-AES were: power 1.0 kW; flow of argon refrigerant 15 l/min; flow of argon auxiliary 1.5 l/min; flow of argon carrier 1.0 ml/min; sample flow rate 1.5 ml/min. Lines of emission were: Ca 317.93 nm; Cu 324.75 nm; Fe 238.20 nm; K 769.90 nm; Mg 279.81 nm; Mn 257.61 nm; Zn 213.86 nm. A stock multielement standard solution containing 1000 mg/l each of Ca, Cu, Fe, K, Mg, Mn and Zn was supplied by Merck (Gibbstown, NJ). Calibration of the equipment was done using appropriate dilutions of the stock standard solution. The data was converted to mg/100 g sample.
Due to the absence of a certified chestnut reference material with a similar composition as the samples processed in this study, accuracy and validity of the measurements were determined by analyzing spiked samples of chestnuts. Two samples, prepared for ICP-AES analysis, were chosen randomly and diluted to a ratio of 1/40. Several aliquots of diluted samples were spiked with 0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 mg/l standard solution. The calibration standards were also prepared using the same dilutions. The concentrations of minerals in these samples were determined and the % recovery in each dilution was calculated.
Rheological Analysis
The Instron Universal Testing Machine (Model 4411, Instron Corp., Canton, MA) was used to determine compression for chestnut samples at each processing step. Chestnut samples were cut into cylindrical shapes using a plunger and placed in plastic tubing that had 1.51 mm wall thickness, 1.32 cm diameter, and 1.12 cm height. This was done to prevent samples from falling apart. Samples within the plastic tubing were placed in the Instron for compression. Compression was done by the probe #10 which covered the whole surface of the sample. The maximum compression force (kg) was measured with a 50 kg load cell, and 5 mm/min load cell speed. Compression was continued until the sample was compressed for 7 mm. Ten samples from each treatment were used for each processing step. The texture measurements were done at room temperature (22-23°C).
Color Analysis
The color of the candied chestnuts was measured using a color machine vision system. [23] For each treatment at each processing step, eight chestnut samples were placed in a light box. A 24-bit image of the samples was taken with a CCD digital camera located inside the light box. A 512-color discrete spectrum of the colors present in the sample and average L*, a*, b* values of all the pixels representing the chestnut sample were calculated. Colors that were present above 3% of the total surface area of the sample were selected for data analysis.
Statistical Analysis
All data were analyzed using analysis of variance of the general linear procedures (Proc GLM) of SAS © software, and the LSMEANS procedure for generating standard errors of the mean (SEM). [24] Any significant differences were analyzed by the multiple comparison procedure of Duncan's Multiple Range test, using a level of significance of α = 0.05. Interaction between replications was tested for significance (p < 0.05).
RESULTS AND DISCUSSION

Chemical and Physical Analysis
After filling the retort with chestnuts, it took approximately 6 minutes for the inside temperature to reach 103°C (Fig. 1 ). The retort temperature remained at 103 ± 2°C for 45 minutes. The data on the proximate composition of candied chestnuts, treated with CA or MS, during processing are presented in Table 1 . Control or treatment with CA or MS did not significantly change the composition of chestnuts. Also, dipping into different sugar solutions did not have a significant effect on the compositions of candied chestnuts. However, the compositions changed significantly between different processing steps.
The average moisture content of raw chestnuts ( Table 1 ) was in agreement with the 54.88 kg/100 kg sample mean value reported by McCarthy and Meredith [4] for raw European chestnuts and 54.10 kg/100 kg sample mean value reported by Künsch et al. [11] for Italian commercial variety "Marrone di Cuneo." At the end of the candied chestnut processing, the moisture content of the samples decreased (Table 1) due to sugar diffusing into the chestnuts and replacing water, as well as water being osmosed out by sugar. Steaming increased the moisture content of all samples. No comparison could be done for the chestnuts during processing since data for candied chestnuts were unavailable.
The average protein content for raw samples (2.33 ± 0.37 kg/100 kg sample) was much lower than the values reported by Üstün et al. [5] (3.43-8.27 kg/100 kg sample, mean value 5.683 kg/100 kg sample) for chestnuts from Sinop, Turkey. However, the value was close to that of 1.98 kg/100 kg sample reported by McCarthy and Meredith [4] for raw European chestnuts. The average lipid content for raw samples (1.30 ± 0.17 kg/100 kg sample) was in agreement with the values found by Üstün et al. [5] (0.66-3.08 kg/100 kg sample) for chestnuts from Sinop, Turkey. The average ash content for raw samples (2.46 ± 0.30 kg/100 kg sample) was between the ranges given by Üstün et al. [5] (1.40-4.92 kg/100 kg sample) for chestnuts from Sinop, Turkey. The protein, lipid and ash contents of the samples decreased during processing. This was due to the increase in the sugar content by diffusion. The carbohydrate content of the samples increased during processing. Treatments with CA and MS did not affect a w of the samples significantly; however, dipping into sugar solutions containing either sucrose or fructose significantly affected a w of the samples. The a w of raw, treated and steamed samples were 0.9855 ± 0.0028, 0.9872 ± 0.0031, and 0.9891 ± 0.0042, respectively. The a w of the candied chestnuts were 0.8209 ± 0.0066 (samples dipped into sugar solution having sucrose) and 0.7435 ± 0.0070 (samples dipped into sugar solution having fructose).
The changes in weight during processing for the candied chestnuts dipped into sucrose solution (a) or fructose solution (b) are shown in Fig. 2 . After treatment with CA or MS, the weights of the samples increased in between 0.80 and 0.98 g, after steaming, the weights of the samples increased in between 1.09 and 1.84 g, and the weight of the candied chestnuts increased in between 3.45 and 5.06 g (compared with raw samples weighing about 15 g). Treatments with CA or MS and dipping into either sucrose or fructose solutions had significant effects on the weight change. The percent soluble solid contents of the sugar solutions were 84.17% (for sucrose) and 81.98% (for fructose), and after dipping the samples into the solution for 48 h, the % soluble solid contents of the sugar solutions decreased to 76.1% (for sucrose) and 74.65% (for fructose).
ICP-AES Analysis
The mineral contents of the candied chestnuts during processing are represented in Table 2 . The processing steps had a significant effect on all of the mineral contents, except Cu for samples treated with MS, Fe for samples treated with CA and MS, Mn for samples treated with CA, and Zn for all samples. The data showed that K was found at high concentrations in all chestnut samples. Also Mg and Ca were higher than the other minerals in all chestnut samples. K, Mg, Ca, Zn, Mn, Fe and Cu were ranked from highest to lowest concentrations in all chestnut samples. Raw samples had higher concentrations of minerals than candied chestnuts. Dipping in sugar solutions caused a relative decrease in mineral contents of the chestnuts/unit weight. Sugar diffusion could be the reason for this decrease since the carbohydrate content of the samples increased.
According to Üstün et al., [5] the mineral contents of raw chestnuts in mg/100 g dry matter were: Ca 69.71-201.70; Mg 59.71-202.89; Zn 2.63-21.87; Fe 1.84-16.99; Cu 0.33-1.29. McCarthy and Meredith [4] also reported the concentrations of Ca as 23 ± 1.0, Fe as 0.71 ± 0.01, Mg as 32 ± 0.0, K as 378 ± 15.0, Zn as 0.44 ± 0.01, Cu as 0.208 ± 0.003 and Mn as 0.563 ± 0.019 mg/100 g for European raw chestnuts. The concentrations of all minerals for raw chestnuts in this study were higher than the values reported by McCarthy and Meredith. [4] However, in this study Ca, Fe, Mg, and Zn concentrations were lower than the values given by Üstün et al. [5] except for Cu concentrations, which were in the range reported by them. This variation could be attributed to variety and/or to soil and climate where the chestnuts were grown. The mineral concentrations of the candied chestnuts determined in this study could not be compared due to the lack of candied chestnut data.
The Turkish Standards has established maximum values for Cu (5 mg/kg), Zn (5 mg/kg) and, Fe (15 mg/kg) in candied chestnuts. None of the samples analyzed had values close to these for Cu and Fe, but Zn concentrations for candied chestnuts processed in this study were more than the maximum limit established by the Turkish Standards. [17] The reason for the large variation among the samples as well as the higher concentrations of Zn in the samples during processing is not known. 
Rheological Analysis
Rheological analysis was done using maximum compression force by a probe. Significant differences were detected for processing steps, treatment effects and interactions between processing steps and treatments (p < 0.05). Dipping the chestnuts into sugar solutions containing either sucrose or fructose did not have a significant effect on the rheological properties of the samples. The maximum force needed for compressing the samples treated with CA and MS and control samples at each processing step are shown in Fig. 3 . Raw samples required more force for compression than the steamed samples. Steaming, however, reduced the force required for compression. The reason for this could primarily be linked to cell wall properties of the sample since starch swells during boiling, inducing a distension of the cell wall which facilitates cell separation. [25] The maximum force for compression increased after dipping into sugar solution, presumably because of the loss of water.
Color Analysis
The 512-color spectra obtained from the images analyzed by the Color Analysis software [26] did not show any significant differences between candied chestnuts dipped into sucrose or fructose solutions (Table 3 ). Dark yellow color (NBS # 88) increased during the treatment with distilled water, CA or MS, and decreased dramatically and disappeared at the last processing step. Moderate olive brown color (NBS # 95) decreased during processing. Moderate olive (NBS # 107) and moderate brown (NBS # 58) colors increased during treatment with distilled water, CA or MS, but decreased thereafter. Deep yellowish brown color (NBS # 75) increased during steaming. Dark brown (NBS # 59) and deep reddish brown (NBS # 41)-deep brown (NBS # 56) colors increased during dipping into either sucrose or fructose solutions. The changes in the average L*, a* and b* values of the candied chestnuts during processing are presented in Fig. 4 . The treatment with distilled water, CA or MS did not affect the L*, a*, and b* values of the samples Table 3 Color spectra for candied chestnuts treated with distilled water, citric acid (CA), and sodium metabisulphite (MS) and dipped into sucrose or fructose solutions during processing. Only colors higher than 3% of the total area were considered. significantly. The L* values were high in raw samples and increased during the treatment with distilled water, CA or MS; however decreased during steaming and dipping into sugar solution. Dipping into sugar solutions having either sucrose or fructose did not show any significant difference between L*, a* and b* values of the samples. The a* values decreased during treatment with distilled water, CA or MS and increased during steaming and dipping into sugar solution. The b* values of the raw samples were high, but decreased during processing.
CONCLUSION
The compositional and mineral contents of candied chestnuts during processing were measured. It was concluded that the % moisture, protein, lipid and ash contents were lower in candied chestnuts than in raw chestnut; however, carbohydrate content was higher. Raw and candied chestnuts contained high concentrations of K, Ca, and Mg. The rheological and colorimetric attributes of the chestnuts during processing were also investigated. It was found that steaming caused less maximum force for compression; however, dipping into sugar solutions caused more maximum force. The L* and b* values of the samples decreased during processing. Treatment with citric acid or sodium metabisulphite was not significantly different from treatment with distilled water regarding the color of the candied chestnuts. Dipping solutions having either sucrose or fructose also did not have any significant effect on the color of candied chestnuts. From a commercial point of view, candied chestnut processing leads to a good quality product due to its high carbohydrate content and high concentrations of K, Ca, and Mg.
